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ABSTRACT 
This paper attempts to derive a logical method for military 
administrators to use in deciding when to change and how to change 
the vision standards for selecting aviators. A formula, four work-
sheets, and several examples of completed worksheets are provided to 
help guide an administrative committee when considering: A. the 
effects of visual standard changes on the number of pilots accepted 
for training, B. weighing applicant visual scores in cases requesting 
waivers, c. changing a visual test (equipment), and D. changing a 
visual standard (cutoff score). 
KEY WORDS 
ACUITY, AVIATION, MILITARY, PILOT, SELECTION, STANDARDS, VISION 
STATEMENT OF PURPOSE 
At present, administrators and vision specialists have no good 
framework to help them decide when or how to change the visual stan-
dards for military aviators. The standards have been set and changed 
by committees who established their own working rules for each situ-
ation. This thesis attempts to derive a more systematic method for 
military administrators to use in deciding whether to change the 
standards for selecting aviators and also for retaining them on fly-
ing status if their vision deteriorates. Since it is primarily an 
administrative rather than a clinical tool, this paper does not 
attempt to determine what the visual standards ought to be. However, 
some history of the different standards is given for background 
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information. Once formulated, this decision making model should be 
evaluated by military decision makers in the field. 
INTRODUCTION 
There are two groups of people who are interested in the physi-
cal requirements for Military Aviators: those who are responsible 
for making or changing the requirements (usually medical administra-
tors, and vision specialists such as flight surgeons} and those who 
are affected by the standards (potential pilots}. This paper at-
tempts to offer a rational basis for selecting or changing visual 
requirements such as test equipment and the cutoff scores to be used 
with that equipment, by use of a formula and worksheets that (1) show 
the effects of various decisions on the resulting number of flight 
candidates accepted for training and that (2) consider how to evalu-
ate the minimum acceptable criteria for acuity and refractive error, 
color vision, contact lens wear, phoria/eye muscle balance, stereop-
sis, and waivers for exceptional circumstances. The first consider-
ation, manipulation of the standards to achieve the manning needs of 
the military at a particular time, is called "relative standards". 
The second consideration, the minimum acceptable visual criteria for 
military aviation is called "absolute standards". 
This decision making model gives military decision makers a "go 
by", or manual to follow, so as not to miss any of the factors that 
are used by US, NATO, and other military forces in making their 
judgements on who should fly. As in a military "point paper" written 
by a junior officer to allow his senior officer {administrator) to 
understand a situation and decide what action to take, this paper 
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shows administrators how to·. A 1 
• ana yze a problem with an existing 
visual standard, B. sort out the alternatives available and their 
cost/benefit ratios, and c. rank the choices and choose the best. 
The process can also be used to evaluate th o er new vision standards, 
such as adding "contrast sensitivity" or "dynamic visual acuity", the 
acceptability or non-acceptability of orthokeratology patients for 
flying, etc. The formula and worksheets presented can help determine 
if new criteria are better than the present visual criteria. This 
paper can also explain to military applicants for pilot training who 
are not selected, the rationale of selection and take away its "mys-
tique", allowing candidates to better understand why they were not 
selected. 
Three Traditional Means of Establishing Vision standards: 
Quoting extensively from Tiffin (1953), vision standards for 
military jobs have been established in the past by these three 
methods: 
1) Pooled expert opinions: vision standards based on the best 
subjective judgements of vision specialists. A search of the liter-
ature reveals no studies evaluating the effectiveness of standards 
set in this manner. For example: The inclusion of annual glaucoma 
checks in the flight physical was due to the expert opinions of two 
ophthalmologists, Dr. G. Fonda and Dr. Benjamin Wolpaw in 1961. They 
recommended that screening tension studies be performed annually on 
flight personnel over 40 years of age, on the basis of literature 
review and their clinical experiences (Jampolsky and Morris 1964). 
critics have pointed out that even the most exacting standards 
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set by experts in the field do not provide perfection and safety in 
flying performance. This method however, is cheap and practical as 
long as the vision specialists keep in mind the needs of the oper-
ational aviation community as well as academic and theoretical con-
siderations. One deficiency in the past has been the absence of a 
member of the operational community on the panel of visual science 
experts. 
2) Critical visual tasks: the most difficult tasks in a job 
are labeled the critical ones. Distances of dials and labels, visual 
angles, brightness contrast, illumination levels, etc. can create 
circumstances where pilot mistakes are made and these are identified 
as the limiting or critical visual tasks needed by pilots. 
3) Experimental evidence on job performance: This industrial 
technique, brought from assembly line evaluations, can be very 
specific for the visual requirements needed for a particular air-
craft. Validation of the visual skills needed for particular air-
craft is both time consuming and expensive (Tiffin 1953). 
HISTORY OF VISUAL STANDARDS FOR MILITARY PILOTS: 
Prior to World War I, cockpit instrumentation consisted of a few 
rudimentary engine guages hidden behind the "steering wheel". The US 
Air Medical Service stated, "no aviator shall fail in his mission 
BECAUSE OF DISCOVERABLE MEDICAL DEFECT." A pilot's critical visual 
tasks were in aerial reconnaissance and in detecting enemy aircraft 
before being detected. 
Visual testing in the field used whatever equipment was avail-
able and justified in the opinion of the field medical officer. Pio-
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neering research on the effects of high altitude on vision was care-
fully done by Wilmer and Berens (1916). 
The period from World War II through 1960 has been well covered 
by Morris (1958) and Jampolsky and Morris (1964), and drawing from 
their papers, the development of military aviation visual standards 
is summarized as follows: 
World War II: Intense work was done and soDe standardization 
was achieved at induction centers. Standards were kept loose enough 
to get the numbers of pilots needed for the war effort. Simultan-
eously the visual characteristics of the best pilots were being 
investigated. Approximately five military vision committees were 
formed for the first time, to study specific visual problems associ-
ated with military flying. These semi-formal wartime committees 
evolved into numbered Working Groups of the Armed Forces National 
Research Council Committee on Vision under the National Academy of 
Science in Washington, DC. 
1947: After World War II, the Naval visual standards were 
tightened for aviators because there was no longer a need for large 
numbers of new pilots. 
1949: The National Research Council Vision Subcommittee on 
Visual Standards under Freeman looked into the visual requirements of 
photogramrnetry personnel and made recommendations concerning selec-
tion standards for them. 
1950: Visual standards were set for entering midshipmen and 
commissioned officers. 
1951: Dimmick and Farnsworth specified the minimum visual 
acuity for enlisted submarine crew members. 
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1951: Wolpaw analyzed the visual requirements for 110 Navy 
rates and reported visual standards for them (Morris 1958, Jampolsky 
and Morris 1964). 
Visual standards for enlisted personnel were set lower than for 
officers since they were not expected to be career for 20 to 30 
years, but only to be interested in a four year enlistment. At firSt 
Vl·sual standards for officers might be assumed to glance, the higher 
correlate with the higher acuity requirements of their jobs. How-
ever, entrance standards were concerned with the prediction of visual 
disability and its related medical board/retirement costs. Enlisted 
personnel would probably be discharged before a visual deficiency 
became disabling and required a medical discharge. 
Additionally, occupational analysis procedures were not suf-
ficiently advanced at that time to yield data which would indicate 
the degree to which visual performance contributed to success or 
failure in a given job, nor the degrees to which "on the job" exper-
ience compensated for visual defects and avoided medical retirement. 
Thus neither maximum nor minimum visual performances were described 
(Fields 1962). 
Again, quoting from the papers of Morris and Jampolsky: 
1951: Dimmic specified the visual requirements for various sub-
marine service jobs for enlisted men. 
1953: Tiffin established visual task standa~da for battle sta-
tion personnel. 
1954: A Naval Vision Committee ~larking Group proposed visual 
standards for Pilots of NATO. 
1956: Reconsidering its visual requirements for officers, the 
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Navy suggested extensive laboratory research on simulated minimum 
task requirements in order to assess the importance of the effects of 
ametropia on military performance and to determine the allowable 
deficiency limits. The proposed research never materialized due to a 
lack of funds. 
1958 to 1960: Working Group 4 of the Vision Committee, under 
Imus, reported that visual standards could not be established for 
specific military jobs without a clear definition and statement of 
the visual problems involved. Such problems could be provided only 
by persons closely identified with them (NRC unpublished report, fur-
nished by Morris). 
Working Group 4 set up standards for vision testing, acuity 
testing, heterophoria, and depth perception. They specified various 
wall charts and visual screening devices as well as instruction 
manuals. 
1950-62: Tri-service Working Group 10 of the Vision Committee 
was formed to determine whether it was feasible for the military ser-
vices to define precisely the visual requirements for military jobs 
for the purpose of setting visual qualification standards. Their 
findings were inconclusive and they recommended that another working 
group be established to define and evaluate the methodology. They 
felt that general job analysts may not be trained to look for the 
essential visual skills required in military jobs. 
1960 to 1963: nworking Group 20 was appointed 'to perform a re-
evaluation of the visual requirements for flying'. They recommended 
visual scientists increase their communication with operational, 
actively flying personnel to allow the scientists to exchange their 
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technical and sophisticated knowledge with operational personnel who 
should also be able to communicate their needs to the visual scien-
tists. The scientists should conduct visual research specifically 
designed to answer operational needs. The best means of achieving 
this is by each being members of a common team" (Jampolsky and Morris 
1964). 
1962: Fields questioned whether the military services could 
state the visual demands of military jobs in such precise and objec-
tive terns as to be useful for setting visual qualification stan-
dards. However, asking vision experts for advice on setting military 
visual standards is useless without information from operational 
people about the purposes for \~hich these standards are needed. This 
includes the maximum visual demands placed upon military personnel as 
well as the standard's effects on retirement, retention, etc. (Fields 
1962). 
1964: For the submarine service, visual standard changes have 
also been made. Their work on changing visual standards can provide 
an example of how the process works. Kent suggested that they go to 
less stringent visual acuity standards, in view of the increasing 
need for submarine crew members and the increasing number of appli-
cants who were found to be not physically qualified (NPQ) due to not 
meeting the visual acuity standards. Less strict standards would 
mean that fewer waivers would have to be requested to obtain the 
crewmembers needed. Kent justified lowering the ACUITY standards by 
citing the fact that the visual EFFICIENCY of the new standards would 
be just as high as that of the original standards {Kent 1964). 
1965: "To qualify as a flight candidate in NATO nations in 
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1965, full 20/20 vision in each eye was mandatory in only 4 of the 7 
member countries' Air Forces. The three others still accepted a low-
er level in one or both eyes." Some countries accepted up to 2.50 
diopters of hyperopia, 0.75 diopters of myopia, and 1.50 diopters of 
astig~atism (Laushner 1964). 
ABSOLUTE VERSUS RELATIVE STANDARDS: 
Berry (1958) wrote quite eloquently in favor of the "survival of 
the fittest" theory of ~edical standards. He felt that only the very 
best should be allowed in flight programs because they have the best 
chance of surviving. This was the concept of the pilot as a "super-
man". (The following several paragraphs concerning absolute stan-
dards paraphrase Berry's ideas.) However, after very rigid standards 
are used in the initial selection procedure and the pilot is accepted 
and trained, more relaxed standards are used for "selection in depth" 
for advanced specialty training, for example transport aircraft, or 
retention once trained as a pilot. 
At this point it is necessary to distinguish the two different 
schools of thought on vision standards--(!) those who view standards 
as absolute and (2) those who view the standards as relative. The 
first group wants the medical standards to be high enough to elimin-
ate the medically unfit, and the second group wants the standards to 
be low enough to ensure adequate numbers to accomplish the mission. 
ABSOLUTE STANDARDS: 
The best way to select for pilots with the necessary visual 
requirements is to test each individual by having him perform all of 
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the visual tasks demanded in real situations, including all emergen-
cies. Then a system for selection of standards would be unnecessary. 
The time and costs involved in this type of selection limit its use. 
Instead, "simulated" experiences are used for selection. In this 
latter selection method, testing only visual abilities in an arti-
ficial situation is cheaper but it is less effective in eliminating 
those who might not be successful in emergency situations. 
From a practical standpoint, the first step in setting up physi-
cal standards is to derive approximations of the optimum physical 
standards from job analysis and the second step is to validate them 
against apropriate performance measures of real tasks that real 
pilots must perform during their flying duties. Validated "cutting 
scores" should then be established for each test. 
The validity of the tests derived from job analysis depend on 
many factors, but two stand out. The instruments used to do the 
testing must be validated to make sure they are efficient in discrim-
inating the most successful pilots and second one must not ignore the 
all too human decisions of those doing the testing. For example, 
improper use of a perfect Armed Forces Vision Tester will not select 
the best qualified pilots. If the bulb gets dimmer and the slides 
lose contrast the longer the instrument is used, the test results 
will be invalid. The validity of testing also depends on the motiva-
tion and training of the testing personnel. Varying amounts of time 
and effort are expended on screening and qualifying physical examina-
tions, making some testing experiences more valid than others. The 
many factors altering the time spent on the exams are not always 
under the control of the supervising flight surgeon or other medical 
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examiner. At the end of the examination experience, physicians some-
times make their final pass or fail recommendations, not on the basis 
of how effective the man-machine weapon system will become, but sub-
jectively by "whether they would like a highly motivated individual 
to fly", or "would this be good for my patient?" As a result of 
these and many other factors, each selection test, with its accompan-
ying pass/fail criteria, provides only a certain probability of suc-
cess in flying, which is less than 100%. To increase the probability 
of success, the proper test equipment and the proper test battery, 
once selected, must be validated to make sure that they test what 
they were designed to test and they must be monitored to make sure 
that they are always administered correctly. Vigilance must be con-
stant to prevent flaws in the selection process. 
The final step, after all this is accomplished, is to team phys-
ical standards with the proper human factors design of aircraft cock-
pit environments. 
The resulting physical standards selected should provide pilot 
(1 ) safety, (2} proficiency, and (3) longevity. That is, physical 
standards should provide reasonable assurance that qualified candid-
ates will have no defects which might interfere with their becoming 
safe, proficient and successful military pilots for a long period of 
time (Berry 1958). 
Once selected, these standards, which are assumed to be abso-
lute, must be validated against real flying experiences to see if 
they do in fact select pilots who are successful in their aircraft. 
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An example of a fairly detailed validation process has been elab-
orated by Monaco at the Naval Aerospace Medical Research Laboratory 
group (1982) and his block diagram of the process is shown below: 
Hiss ion 
Profiles 
Cr i j-c-a-1~---t 1 max ••• 
min Visual ~ 
Parameters -----
1 
t • 
i Comprehensive l t Vision Test t 
t Battery l ) I 
:-----_J_ _____ : <--: 
... 
Fleet 
validation 
l Task Specificj < f-----~~~-' 
t-"--~------------------~~:=:=-~~It::::_ . --------Visual Retention Criteria (Indepen-dent of Chronol-
ological Age) Primary Selection Based 
on Performance Require- < 
ments 
Data Base 
Generalized 
for Fleet 
Applicability · ! Develop Engineer-
ing guidelines 
Increased Operational Mission 
Effectiveness Based on selective 
Screening and Visual Training 
Figure 1. Pilot visual standards validation process 
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So far, validation has proven too expensive for completion on 
even a fraction of the aircraft flying. It appears to be indicated 
only when the need is great. The risk must be minimal, the task must 
be specific, and sufficient time and money must be available. 
Validation must be specific for a given aircraft or job. For 
example, modern fixed wing aircraft fall into two major types, having 
two different environments in which the pilots work. 0 the one 
hand, are single-seat high performance jet aircraft, and on the other 
hand are multi-seat transport aircraft. Since they are almost oppo-
sites, some system of qualifying individuals for particular flight 
conditions, such as the service group designation already in use by 
the Navy, is particularly helpful. But to subdivide the group of 
pilots further would limit their interchangeability, in addition to 
increasing costs. 
Practical tests for the visual consequences of a plane's vibra-
tion, acceleration, lighting levels, fatigue, etc. on the pilot's 
eyes are still tests of the future. It is too expensive in time and 
personnel to test for the effects of these stresses and the ability 
of certain types of flight candidates to overcome them and stay 
visually efficient. There are, ho\vever, current experimental pro-
jects investigating these areas at various military commands (Morris 
and Goodson 1982, Baisden and Monaco 1983). 
RELATIVE STANDARDS: 
Currently, visual selection criteria are made by Bureau level 
"line" (operational) officers in conjunction with Bureau level med-
ical officers, after reviewing the pooled advice of visual scien-
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tists, ophthalmologists, and aviation physiologists, who have recom-
mended what they feel are the absolute minimum visual requirements 
for a successful military pilot. These are often committee mempers 
of the Armed Forces NRC Vision Committee working groups. 
"If we have more applicants than jobs, then we can maximize the 
likelihood of competent performance of the people we select by apply-
ing our physical standards in such a way that a reasonable number of 
applicants will be designated 'acceptable' while the rest will be 
rejected." {Take only those super qualified.) While interested in 
properly validated selection procedures, administrators have used 
this accepted and time honored method of personnel selection. "v4hen 
the demand for personnel has been urgent, it has been a simple thing 
to lower the standards, and then raise them again when the emergency 
has passed. It has been a workable, practical, flexible system" 
(AGARD, Appleton 1972). 
"Physical standards should be on a reasonably linear continuum 
in order to permit the raising and lowering of minimum cutoff limits 
according to the manpower requirements" (Lauschner 1954). 
Several systems have been suggested which give a range of visual 
abilities that might be necessary to fly. These systems increase or 
decrease the tightness of the visual criteria used to select pilots 
according to several factors. 
Jampolsky and Morris (1964), summarizing the recommendations of 
Working Group 20, proposed "Grades of Visual Fitness", to meet the 
rapidly changing requirements of flying tasks. Their "flexible stan-
dards" classification system gave 10 gradings of visual characteris-
tics in such areas as acuity, color vision, and heterophoria. These 
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were considered to be building block components with which a unified 
picture of the visual capablilty of the whole man could be construct-
ed. Decrements from the point of perfection were considered lower 
grades of visual efficiency. This continuum of visual perfection and 
the subsequent decrement steps below perfection were called "grades 
of visual fitness". Perfection in each of the visual parameters 
could be specified by selected visual scientists who had specialized 
in that particular area of vision research. 
Among the areas that could have ten gradations of ability are: 
(1) Light: subdivided into brightness sensitivity, brightness dis-
crimination, and color discrimination, (2) Spatial discrimination, 
which includes visual acuity, distance judgement and form discrimin-
ation, and (3) Temporal discrimination (Wulfeck, Weisz and Raben 
1958, Jampolaky and Morris 1964). 
Kent, as noted before on page 8, suggested that visual EFFICIEN-
CY be substituted for visual acuity in selecting submarine crew mem-
bers, in view of need and the increasing number of applicants who 
were found to be not visually qualified due to the stringency of the 
visual acuity standards. 
The term "visual efficiency" has evolved from medico-legal 
experts' study of the subject in compensation cases of eye injuries, 
or cases where loss of visual function has occurred. Visual ef-
ficiency is calculated by the formula VE= (3A + B)/4, where A is the 
visual efficiency of the better eye and B is the visual efficiency of 
the poorer eye. It is obvious that binocular visual efficiency is 
heavily weighted in favor of the better eye. This is appropriate, 
since it is well known that binocular visual acuity is almost without 
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exception, equal to that of the better eye and frequently exceeds it. 
Other factors in binocular visual efficiency are peripheral vision 
and ocular motility, but these were not considered in Kent's paper. 
Kent suggested that the best CORRECTED acuity standards be left 
at 20/20 in the better eye, but be amended to 20/30 in the poorer 
eye. He suggested acceptance of those with UNCORRECTED acuities of 
20/70 bilaterally, or 20/60 one eye and 20/80 the other, or 20/50 one 
eye and 20/100 the other, or 20/40 one eye and 20/200 the other. All 
these combinations have approximately the same binocular visual ef-
ficiency. 
These changes had the effect of including an extra 1% {or about 
100 individuals in 1963, who had requested and been granted a waiver 
by the Bureau). Approximately 1 1/2% total had requested waivers and 
4% were failed for being obviously visually unqualified for submarine 
service. It is interesting that Kent noted that at every submarine 
crew station there was at least one task that required 20/20 vision. 
Equipment manufacturers had essentially designed their equipment for 
20/20 personnel. 
Kent felt that these amended acuity requirements were fully com-
patible with the added crew members being able to see the dials, 
instruments and lettering at their stations and perform their jobs 
aboard nuclear submarines, even though the crew members might need to 
lean closer to their instruments when not wearing their spectacles. 
In addition to the above factors, there is a need to measure the 
extent to which increasing relative experience on the job and percep-
tual learning compensate for absolute visual acuity losses. 
The current occupational analysis procedures in use are not suf-
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ficiently well-designed to yield data indicating the degree to which 
visual performance contributes to success or failure in a given job, 
any more than the degrees to which experience or learning on the job 
compensates for visual defects. Maximum or minimum visual perfor-
mances for military jobs are not described (Fields 1962}. 
Even with the strict and supposedly absolute system of visual 
selection in use today, the typical pilot under difficult environmen-
tal visual conditions {glare, small lettering, insufficient light), 
continues to attempt to read the information from his instruments 
with the effect of lowering his feelings of confidence and adding to 
the small amount of eye strain which is not measurable, but contrib-
utes to the total eye fatigue built up during his flying time. This 
may compromise the pilot's ability to make a correct decision under 
stress (Intano 1968). 
Accident rates, however, cannot be predicted from the results of 
visual tests and accident rates should not be used for establishing 
visual standard requirements. Nonvisual aspects, such as age, pers-
onality traits, physical condition of the pilot, his past accident 
record, as well as prevailing environmental factors, are far more 
important in determining safe flying performance (Jampolsky and 
Morris 1964). From a purely safety standpoint, the visual factors in 
automobile driving can be compared to flying. Ballard and Knoll 
(1958), concluded that as far as safety is concerned, less than 3% of 
auto accidents were due to visual factors. Burg found a relationship 
between good dynamic acuity and a lack of driving citations, but no 
relationship between static visual acuity and driving accients (Burg 
1964). From this standpoint, the results of visual testing answer 
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whether a specific visual task is performable, but it will be the 
behavioral scientists who will assess the problem of actual perfor-
mance, that is, how or if the visual task will be performed (see 
Appendix A, page 68). 
In the final analysis, the best compromise between the opposing 
positions of absolute and relative standards is that medical stan-
dards must be high enough to eliminate the medically unfit, and low 
enough to ensure adequate numbers to accomplish the mission. A 
graphical approach to the solution of this conflict is shown in Fig-
ure 2. 
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Absolute and relative standards are not either/or situations. 
They can be considered to be two parts of the total picture, as 
illustrated below: 
Visual Ability % Passing the Standard 
Telescopic vision-----..------- Strict standard, 100% fail 
20/15 max 
Present l~l I Relative standard 20/20 portion of the standard 
~~ 
20/25 min 
Absolute portion of the standard 
No useable vision-- Lenient standard, 0% fail 
Figure 2. Absolute and relative portions of a visual standard 
-page 19-
Shot\-.7ell Selection of Visual Requiremnts for Military Aviators 
t!!ETHODOLOGY: DEVELOPr1ENT OF A FORHULA AND HORKSHEETS FOR CHANGING 
VISUAL· S.'£AUDARDS: 
Traditionally the selection process, aptly called a screening, 
can be described as a series of theoretical screens of differing mesh 
sizes, with the applicants having sizes either bigger or smaller than 
the mesh sizes. Some applicants are obviously too "big" and never 
get through the first screen. Some applicants are small enough to 
get through all the screens. The size of the screens will determine 
the number of applicants who will get through. If a sudden increase 
or decrease in the number of military pilots is needed it is possible 
to adjust the number who will pass the screening criteria for train-
ing by changing the screen size. To get the first, basic, pool of 
selectees, the standards must allow all who are obviously qualified 
to enter training. To "fine tune" the number of selectees passed, 
there may need to be waivers for certain exceptions. For example, 
political considerations from outside the military community for 
equal opportunity for women may require waivers of the weight req-
uirement. Other waivers might be granted to better utilize those who 
are so well qualified in one area as to offset their liability in 
another. 
As an aside, in peace time, one of the ways to "fine tunen the 
number of pilots avalable for active flying status is to raise or 
lower flight pay and give retention bonuses to those pilots who have 
not decided whether to stay with or leave the military. 
ESTABLISHING A FORMULA FOR EVALUATING THE MANPOWER EFFECTS OF 
CHANGING VISUAL STANDARDS: 
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The first step in the process is to calculate the pass rates for 
any year, using data from a prior year as a base. 
1) Let PNo=Pilots Needed in a given (reference) year 
CPo=Candidate Pool for that same year 
AcRSo=% failing the Acuity/Refractive Error Standard 
CVSo=% failing the Color Vision Standard 
CLSo=% failing the Contact Lens Restriction 
PhSo=% failing the Phoria Standard 
StSo=% failing the Stereopsis standard 
and Wo =% granted a Waiver 
2) Using the formula: 
PNo =(CPo)(lOO%-(AcRSo+CVSo+CLSo+PhSo+StSo-Wo)) 
or PNo/CPo=lOO%-(AcRSo+CVSo+CLSo+PhSo+StSo-Wo) 
Subtraction from 100~ is used rather than addition, because 
failure on any one test eliminates a candidate from flight training. 
Passing any one test does not guarantee a candidate a flight training 
billet. 
3} Now let 
Ko=(AcRSo+CVSo+CLSo+PhSo+StSo-Wo) 
and Ki=(AcRSi+CVSi+CLSi+PhSi+StSi-Wi) 
for any year other than the reference year, where "i" for convenience 
might be the last two digits of the particular year. Let Q=Ki/Ko 
which is a conversion factor for determining a different pass rate 
for the particular year in relation to the reference year. 
or Ki=Q(Ko) 
Ki=Q(AcRSo+CVSo+CLSo+PhSo+StSo-Wo) 
=Q(AcRSo)+Q{CVSo)+Q(CLSo)+Q(PhSO)+Q(StSo)-Q(Wo) 
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=AcRSi+CVSi+CLSi+PhSi+StSi-Wi which are the new pass 
rates 
Thus in order to calculate the pass rates for any year, using 
some other PN/CP ratio as a reference, calculate Q=Ki/Ko and multiply 
all pass rates by Q to get the new rates. 
EXAMPLE: 
given: PNo=4,900, CPo=lO,OOO, thus PNo/CPo=49% 
given: AcRSo=30% fail, CVSo=6% fail, CLSo=lO% fail, PhSo=l% fail, 
stso=4% fail, and Wo=O% granted Waivers, and thus Ko=Sl% 
thus: PNo=CPo(lOO%-AcRSo-CVSo-CLSo-PhSo-StSo+Wo) 
4,900=10,000(100%-30%-6%-10%-l%-4%+0%) 
=10,000(100%-51%) 
4,900=4,900 
At this point in a normal year there would be no change in the 
visual standards, since the number of applicants in the "supply" pool 
and the "dema~d" for pilots usually re~ain constant. In addition, 
the visual requirements for pilots are assu~ed to be in line with the 
demands of their job. However, in times of emergency, when the need 
for pilots might become very high, or on the other hand, when the 
appeal of aviation attracts nany more applicants than can be accept-
ed, it may be necessary to re-evaluate the visual as well as other 
physical standards. The screen size for those candidates having ac-
ceptable (very good but not exceptional) eyesight might be adjusted 
by the following equations: 
Find: fail rates such that .65 rather than .49 candidates are 
passed to become pilot trainees given a candidate Pool of 10,000. 
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CPi in this case =CP35 
PN85/CP85=.65=100%-AcRS85-CVS85-CLS85-PhS85-StS85+W85 
65%=100%-35% =AcRS85+CVS85+CLS85+PhS85+St85-W85 
35% =K85 
PNo/CPo =49%=100%-(AcRSo+CVSo+CLSo+PhSo+StSo-Wo) 
49%=100%-5l%=AcRSo+CVSo+CLSo+PhSo+StSo-Wo 
5l%=Ko 
Q=K95/Ko ~ 35%/5l%=0.686 
AcRS35 =Q(AcRSo) = (.686)(.30)=20.6% 
CVS85:::(.686){.06)== 4.1% 
CLS85=(.686)(.12) o-:: 6.9% 
PhS85=( .6S6) ( .01)::: 0. 7% 
StS85=(.686)(.04)= 2.7% 
H85=(.686)(.00)= 0.0% 
PN85=CP85(100%-AcRS85-CVS85-CLSo-PhS85-StS85+W85) 
6,500 == 10,000(100%-20.6%-4.1%-6.9%-.7%-2.7%+0.0%), the new 
pass rates 
=: 10,000(65%) 
6,500 =6,500 Worksheet A, page 27 could be used. 
Some of the routine waivers considered in our formula and used 
to "fine tune" the number of candidates accepted would probably be 
for other than purely visual qualifications. For visual waiver con-
siderations, however, each test that the candidate passes might be 
given a weighting factor equal to the fail rate. The higher the fail 
rate, the more the points. This just happens to correspond roughly 
to the different factor's actual importance. A refinement scoring 
system for each individual test would allow a near pass or an except-
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ionally good score to get a slightly lower or a slightly higher score 
than the points assigned by the fail rate. For example, if a candi-
date just barely passes test AcRSo he is given a "waiver score" of 30 
for test AcRSo. If he fails test AcRSo by scoring only 80% of the 
criterion level, his "waiver score" on that test would be 
(.80)(30)=24 points. If the candidate passes test AcRSo with 120% of 
the criterion achieved, he would be given a score of (1.20)(30)=36 
points. The sum of these "waiver scores" is used to rank the candi-
date on a percentile scale against other candidates. Those with the 
highest percentile scores would be considered first for waivers, when 
more candidates are needed. 
Waiver example # 1: 
AcRSo=pass=30 points 
CVSo=pass= 6 points 
PhSo=FAIL <80% of criterion met>=(.BO)(l)=.B points 
Total=36.8 points 
Waiver example # 2: 
AcRSo=FAIL <40% of criterion met>=(.40)(30)=12 points 
CVSo=pass=6 points 
PhSo=pass <140% of criterion met>=(l.4)(1)= 1.4 points 
Total=l9.4 points 
And candidate # 1 would be given first consideration for a waiver. 
See Worksheet B, page 29. 
The most important question to be asked in relation to new sel-
ection criteria is \lhat visual qualifications are required of a 
naval aviator to be able to perform his job. This is probably very 
close to the present baseline below which a pilot is not allowed to 
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remain on unrestricted flight status. Conversely, is an individual 
who is able to pass more restrictive vision standards able to perform 
better, at a higher, more efficient, or safer level as an aviator 
than those individuals who can only meet the present minimum stan-
dards? Tallyho data (or first sighting determining the probability 
of a successful "kill") suggest the latter situation may be true for 
fighter-pilot visual acuity and contrast sensitivity. It may not 
apply for phorias, or tendencies of the eyes to turn in or out, 
except in low oxygen situations (very rare) and is probably not sig-
nificant in color vision nor stereopsis. 
The above formula might then aid in determining the overall man-
power results of changing one or more visual requirements to more or 
less stringent requirements for aviators. For example, assume that 
the following fail rates have been selecting aviators whom the fleet 
judges to be performing quite well on the job. 
AcRSo = 30% fail rate for acuity/refractive error 
cvso = 6% fail rate for color vision 
CLSo = 10% fail rate for contact lenses (100% of all contact 
lens wearers which is 10% of the candidate population) 
PhSo = l% fail rate for excessive phoria 
StSo = 4% fail rate for lack of stereopsis 
Wo = 0% granted a waiver, (0% because waivers are rarely given) 
Wo is assigned a positive (+) sign because it is essentially a nega-
tive fail rate. 
Now let us evaluate the manpower effects of adding Contrast 
Sensitivity testing to the present Visual Acuity testing. To 
minimize disruption in the total number of pilots accepted you try to 
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initially keep the same overall AcRSo fail rate of 30%. You look to 
the literature in order to see what contrast sensitivity value seems 
reasonable to pass 70% of the young men in the Candidate Pool of 
applicants. Then you select a theoretical contrast sensitivity test 
which will pass pilots who can perform as well as, or better than, 
the present pilots. You try this visual standard on a selected 
sample of your candidates and compare it with their acuity results. 
Then you see how close it comes to the 30% selection that your 
current acuity standard gave. If the two rates are not the same, you 
are instantly given \vhat impact the change will have on the total 
number of pilots selected. Then at the end of the pilot training 
period and for several years thereafter, while these pilots are in 
the field, you request feedback on how your Qnew criteria" pilots 
function in their military aviation specialty. You can adjust your 
criteria to give the fleet the quality and quantity of aviators that 
they need (Fig. 1 page 12, "fleet validation" block). 
USING WORKSHEETS TO CHANGE A VISUAL STANDARD: 
Next, four worksheets are presented to simplify the changing of 
visual standards. Instructions on how to use the worksheets will be 
given before each worksheet. Worksheet A is a straightforward 
application of the formula just presented. 
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Worksheet A: Increasing/Decreasing the Flight Applicants Accepted 
PNo=(CPo)(lOO%-(AcRSo+CVSo+CLSo+PhSo+StSo-Wo)) 
••••...••• =PNo=Pilots accepted last year 
••..•••... =CPo=Candidate Pool last year 
Ko=PNo/CPo= •••.••••• / .••...••.• = .... % 
••.• %=AcRSo=old % fail rate Acuity/Refractive Error 
•••. %=CVSo=old % fail rate Color Vision Standard 
•••• %=Cr~so=old % fail rate Contact Lens Restriction 
•••• %=PhSo=old % fail rate Phoria Standard 
.••• %=StSo=old % fail rate Stereopsis standard 
••••.••••• =PNi=Pilots Needed in the coming Year 
Standard 
•••••.•••• =CPi=Approximate Candidate Pool in the Coming Year 
Ki=PNi/CPi= ••••••••. / ••••.•••.• = •••. % 
Q=Ki/Ko= •••. %/ •••• %= •••• % 
AcRSi=Q(AcRSo)=( ••••. )( •... )= •••• % 
CVSi= Q(CVSo) =( .•..• )( •••• )= •••• % 
CLSi= Q(CLSo) =( ••••• )( •••• )= •... % 
PhSi= Q(PhSo) =( .•.•• )(.~ •• )= •••• % 
StSi= Q(StSo) =( ••••• ){ •••• )= •••• % 
Q(Wo) =( ••••• )( •••• )= •••• % 
cross check, does 
PNi=CPi(lOO%-AcRSi-CVSi-CLSi-PhSi-StSi+Wi)? 
•••••••• :: ••••••••• ( 10 0%- •••• %- •••• %- •••• %- •••• %- •••• %+ •••• %) 
Example Worksheet A 
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INSTRUCTIONS FOR USING WORKSHEET B: 
Worksheet B, the fractional weighting of scores, might also be 
used for changing the number of pilot applicants accepted (as was 
necessary in 1959-61 and 1971-74, see Appendix B, page 69), deciding 
which pilots get to fly new or experimental aircraft such as the FA-
18, or deciding the fate of marginal pilots being evaluated by Fleet 
Naval Aviation Evaluation Boards (FENABS) (Briska 1984). 
WAIVERS: 
Vlorksheet B can be also be used to evaluate candidates request-
ing waivers. Waivers are to better utilize those with special 
talents and are occasionally granted to applicants who are so well 
qualified in one area as to offset their liability in another. 
Waivers are sometimes granted when political pressure is applied from 
outside the system, for example, pressure for minority representation 
or equal rights for women. As a general policy, however, waivers of 
eye standards are not granted for initial selection of pilot candid-
ates and are very rarely granted to trained pilots. 
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Worksheet B: Individual Fractional Weighting of scores 
candidate 1: 
AcRS score •••• / ••.• (Perfect Score)== •••. %( •••• Heighting)= .••.• 
CVS score ••.• / •••• (Perfect Score)= .•.. %( •••• Weighting)= ••••• 
CLS score .•.• / ••.• (Perfect Score)= •••• %( •••• Heighting)= •.••• 
PhS score •••• / •••• {Perfect Score)= .•.. %( •••• v"leighting)= ••••• 
sts score .••. / ..•• (Perfect Score)= ..•. %( •••• Heighting)= ••••• 
cumulative "Waiver Score" 
Candidate 2: 
AcRS score •.•• / ..•• (Perfect Score)= •.•. %( •••• Weighting)= •...• 
CVS score ••.• / •••• (Perfect Score)= .•.• %( •••• Weighting)= ••••• 
CLS score •••• / .••• (Perfect Score)= .•.• %( •••• Heighting)= .•••• 
PhS score •••• / •.•• (Perfect Score)= ••.. %( ..•. Weighting)= ••••• 
sts score ...• / •••• (Perfect Score)= •••• %( •••• Weighting)= ••..• 
cumulative "Waiver Score" ........ 
"Waiver Scores" might be used to rank candidates on a percentile 
basis against other candidates. Those with the highest percentile 
scores might be considered first for waivers when more candidates 
are needed. 
Example Worksheet B 
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INSTRUCTIONS FOR USING WORKSHEET C: 
To use Worksheet c to change a visual test (equipment) or Work-
sheet D to change a visual standard (cutoff score), each Bember of 
the committee evaluating the proposed standard change should fill out 
a copy of the appropriate worksheet for the problem to be considered. 
After each member has filled out his copy, the worksheets should be 
collected and the pooled information should be used as ideas for com-
mittee discussion. When the committee has decided on the most appro-
priate test and/or visual standard, its final report can be written 
using the problem analysis, possible solutions for the problem, and 
the cost/benefit analysis suggested by the completed worksheets and 
committee discussions. Several examples of how these worksheets 
might be used are found on pages 59-66. 
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Horksheet C: Changing a Visual Test (Equipment) 
Benefits of New Test: 
A. Greater validity? 
..... What percentage of the pilots passed the former 
test and failed in the field? 
What percentage will pass the new test and fail in 
the field? 
B. Greater testing reliability? 
What percentage of the individuals retaking the 
test will score within 10% of their first score? 
c ...... Number of unique visual parameters measured or 
unique features not possessed by old test 
Costs of New Standard: 
A .••••• %of type II or false rejection error? What per-
centage of the individuals will fail the test and would 
have still made good pilots? 
B. 
c. 
D. 
E. 
E. 
Equipment? 
Testing supplies? 
Hanpovler? 
Tester training 
Testing time 
'l'otals 
$ •••••• old $ .•.•.. new 
$ •••••• old $ •••••• new 
$ .....• old $ •••••• new 
$ •••••• old $ •••.•• new 
$ .~ .••• old $ •••••• n e\v 
$ •••••••• $ •••••••• 
•••• (Y/N) Do Benefits substantially exceed Costs? 
Example Worksheet c 
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INSTRUCTIONS FOR USING WORKSHEET D: 
Figure 2, page 19 gives a useful concept for completing Work-
sheet D, changing a visual standard or cutoff score. The absolute 
(most lenient) visual standard forms the minimum, and the strictest 
extreme of the relative portion of the visual standard forms the max-
imum. The actual standard selected should fall between these two 
extremes. For example, the stereopsis standard might be evaluated by 
a committee member as below: 
maximum 
97% stereopsis ~~-! relative standard 
95% stereopsis minimum 
absolute standard 
No stereopsis 
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Worksheet D: Changing a Visual Standard (Cutoff Score) 
1 ••••• What is the Absolute Standard, the most lenient standard 
consistent with safe aircraft handling and successful mission 
completion? 
2 •...• What percentage of the candidates would probably pass 
this standard? 
3 ••... What is the relative leeway in changing to a stricter 
standard? 
4 .•••• What percentage of candidates pass this stricter stan-
dard? 
5 ••••• What assurance do we have that the individuals able to 
pass this stricter standard will perform more effectively or 
more safely than those able to meet only the minimum standard? 
6 .•... What is the present standard? 
7 ••••• What percentage of the candidates pass the present stan-
dard? 
B. Which way should the standard be changed? 
9. How many additional candidates will be gained or lost? 
** Cost/benefit analysis: ** 
10 •..•• Do these additional candidates justify any additional 
risks? 
OR 
11. Does the additional mission effectiveness or safety gain 
justify the decrease in pilot candidate numbers? 
Example Worksheet D 
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Having now provided the tools with which to work, the next por-
tion of this paper attempts to understand the actual visual standards 
that exist, why they are set at the levels that they are, and how 
they might be modified to be more or less strict. The first standard 
to be considered is visual acuity/refractive error. 
CHANGING THE ACUITY/REFRACTIVE ERROR REQUIREMENTS: 
Visual acuity of 20/20+ is considered an absolute for military 
pilots by all American authorities. Refractive error, if corrected 
to 20/20+ is considered relative by the air forces of some countries. 
This bias aganst refractive error correctable by spectacles is partly 
because most spectacles are incompatible with helmets, sights, and 
optical devices, and will always slip to some degree under high G 
forces. 
As stated before, in NATO nations in 1965, 20/20+ UNCORRECTED 
vision in each eye was mandatory in the Air Forces of only 4 of the 7 
member countries. some countries accepted up to 2.50 diopters of 
hyperopia, 0.75 diopters of myopia, and 1.50 diopters of astigmatism 
(Lauscher 1964). 
US military forces restrict refractive errors to not more than 
1.75 diopters of hyperopia, 0.25 diopters of myopia, nor 0.75 diop-
ters of astigmatism. 
Tallyho data, or percentages of first sightings (and probable 
first kills) in air-to-air combat indicate that "in spite of advanced 
electro-optical sensors, visual target acquisition remains the key to 
successful air to air combat. He who detects the enemy first has by 
far the greatest chance of survival and combat success." These are 
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comments from 100 American air aces (Youngblood 1977, Ginzberg 1981). 
Another reason for requiring pilots to have almost perfect 
acuity is the speed of modern aircraft. Two 600 MPH aircraft closing 
at 1200 MPH would be 2 miles closer in the 6 seconds it takes to 
react to seeing each other . If 4 miles from each other is the mini-
mum detection distance, they would have only 6 seconds leeway to 
avoid a collision (DeHaan 1982). 
Byrnes, among many others, has suggested that pilot candidates 
only be accepted for training if they ha~e at least a half diopter of 
hyperopia in all meridians, in order not to lose pilots who might 
otherwise be "at risk" of becoming myopic and dropped from the pro-
gram. Each Pilot costs several hundred thousand dollars to train 
( Berry 1958, Baisden and Monaco 1983). 
The incidence of visual acuity less than 20/20 in the population 
aged 17-21 is now as high as 40% (see Figure 3.) (USDHEW 1974) and 
has been steadily increasing since 1900. This is primarily due to an 
increase in myopia in the US as well as most industrialized coun-
tries. A recent study cites the incidence of US college students 
needing vision correction as 56% (Cass 1983). All pilots are requir-
ed to have college degrees, so the 56% figure is more realistic than 
the 40% figure that applies to the young adult population in general. 
Although out of date, Karpinos' base figures for 1958 show an 
increase in the available pool of flight candidates of only 6 to 8% 
if ALL those individuals having less than 20/20 uncorrected vision 
were allowed to begin flight training (remember that this figure 
might be 40%+ today). However, out of those additional applicants, 
on the basis of past experience, 30 to 35% would be disqualified for 
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aptitude, intellectual, or physical reasons giving a net increase in 
pilots of no more than 2%. A more up to date analysis of enlistment 
physical examination data done in Karpino's manner could still be 
used today to investigate the effect on manpower procuremnt of a 
change in visual selection standards (Figures 3 and 4, pages 38 and 
39). However, relaxing the visual standards for flight might show 
less of an increase in the applicant pool than would be expected from 
a casual appraisal (1/3 of 40%=13%) (Karpinos 1960). 
The present visual acuity limits require no less than 20/20 
vision in each eye. Based on the population data recorded by the us 
Department of Health Education and Welfare (USDHEW 1974 & 1975) this 
results in a fail rate of roughly 40%. These tabulated data are pre-
sented in graphical form in Fig. 3, page 25. Ten percent of those 
f~~ed for not having 20/20 uncorrected acuity will have corrected 
their refractive error by contact lenses rather than by spectacles. 
So they can be subtracted from the Ac/RSo percentage, since they are 
dealt with beginning on page 46. For the Ac/RSo percentage, 40%-
10%=30%. Therefore the figure used for the Visual Acuity/Refractive 
Error fail rate is approximately 30%. 
PNo=CPo(lOO%-AcRSo-CVSo-CLSo-PhSo-StSo+Wo) 
=10,000(100%-30%-6%-10%-l%-4%+0%) 
=10,000(100%-51%) 
=4,900 
From Figure 4, page 38, we can determine that if the Visual 
Acuity/Refractive Error Standard is relaxed to include those with 
1.00 diopters of myopic refractive error but correctable to 20/20+, 
the failure rate will be 35% minus 1/4 for contact lens wearers=35%-
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(1/4)(35%)~35%-9%=26%. 
=10,000(100%-26%-6%-9%-l%-4%+0%) 
=5,400 
This is an extra 500 per 10,000 flight applicants. Similar 
extrapolations can be made from Figure 3. for admitting applicants 
with less than -2.00 diopters of myopic correction (an extra 1,100 
per 10,000), -3.00 diopters (an extra 1,600 per 10,000), etc. 
The aviation community considers visual acuity of 20/20+ to be 
the most lenient standard possible (absolute standard). They are 
more flexible when it is a question of whether this 20/20+ must be 
achieved with or without corrective lenses (relative standard). 
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Figure 3. Percent fail rate by visual acuity, (USDHEW 1975, 
extrapolated data) 
From the information given in Figure 3, if the unaided visual 
acuity minimum is 20/20 for pilot training, the bar graph shows that 
you will reject approximately 42% of the applicants for not having 
this minimum. If you choose a minimum visual acuity of 20/25, then 
you can expect to reject only 34% of the applicants for pilot train 
ing. In other words, you gain 42%-34%=8% more potential trainees by 
lowering the requirement from 20/20 to 20/25 unaided visual acuity. 
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Figure 4. Percent fail rate by refractive error (USDHEW 1974, 
extrapolated data) 
From the information given in Figure 4, assuming that you take 
only those applicants with 20/20 best corrected vision, if you 
require plano refractive error, you will reject approximately 38% of 
the applicants for flight traning. If you relax the standards to 
accept those having a refractive error of no more than 1.00 diopter 
of myopia, you will reject 34% of the applicants. By lowering the 
standards frora plano to -1.00 diopters refractive error, you will 
gain 38%-34%=4% more potential trainees. 
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SPECTACLE CORRECTION 
A statistical study performed by the Federal Aviation Adminis-
tration, analyzed pilots involved in midair collisions from 1970 to 
1973 and concluded that pilots wearing visual corrections had FEWER 
midair collisions than pilots who were not required to wear correc-
tions. They concluded that wearing a visual correction was not a 
contributing factor in midair collisions (DeHann 1982). 
Gradient density sunglasses, a visor on the pilot's helmet, or 
panels of sun screening material are necessary at high altitudes in 
order to block out harmful ultraviolet rays. Corneal burns similar 
to "arc weilder's flash" can occur at high altitudes without the 
pilot becoming aware of them until several hours later. 
The MAG-1 Bridle-Strap Frame, Illustration 10, page 78, by Criss 
Optical and developed for the military by Col. Roy Rengsdorf is use-
ful in eliminating painful pressure points above the ears when wear-
ing a helmet or earphones. 
NE ARPOINT TESTING 
Factors that affect a pilot's visual acuity at near: 
1) microscopic map printing 
2) red cockpit lighting 
3) most cabins are pressurized to 8,000 feet rather than sea 
level and this affects the amplitude of accommodation 
4) up to 2.50 diopters of allowable uncorrected hyperopia 
5) age (the amplitude of accommodation is often insufficient 
for pilots past age 45 years) 
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CHANGING THE COLOR VISION REQUIREMENT: 
The case for Absolute standards: 
From the beginning of aviation history, color vision has been 
considered an absolute requirement. Early in World War I it was 
noted that, in low light, certain terrain colors can appear to color 
defectives as shadows of terrain features. 
Present day color vision requirements outside the cockpit in-
clude lights, flares, and smoke, both for warning and for search-and-
rescue. Inside the cockpit, color vision requirements are for warn-
ing lights, map reading, and instrumentation. If color coding infor-
mation were removed, it would reduce the redundancy upon which the 
pilot relies, and it would reduce his confidence that he had properly 
received all the information he might need. 
For years there has been talk of engineering the color vision 
requirement out of flying. This has not happened and probably will 
not because color vision has traditionally been used advantageously 
by equipment manufacturers to allow the maximum information to be 
passed to the pilot at little cost of his time or thought. 
Color has unique value as a means of coding visually presented 
information. This has been shown by experimental evaluations of al-
ternate coding methods, such as pattern, size, intensity, and flash 
rate. A reduction in color vision selection standards for flight 
personnel, such as the pilot, would require replacement of color with 
other and potentially less efficient visual coding methods, for ex-
ample alphanumberics, geometric or pictorial shapes, flash patterns, 
etc. such a change would restrict the visual display choices avail-
able to the designers of future information presentation equipment, 
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both airborne and ground (MIL 1967). An examination of past trends 
and current equipment development indicates that the use of color for 
coding infor~ation used by flight personnel will probably be increas-
ing rather than decreasing in the future. Color coding of informa-
tion is too "cheap" and valuable to ignore (AGARD, Grether 1972). 
Many experts argue that in addition to the presentation of im-
portant information in color, pilots need dual encoding: color plus 
another cue. All important information should also have a backup 
means of identification, for example, hospital aircraft should have 
both color coded exterior lights, as well as a specific pattern of 
occulting lights so as to be easily identifiable by color defectives 
both on the ground and in the air. The concept of needing a backup 
essentially precludes dropping the color vision requirement because 
it would mean dropping one of the backups (AGARD, Grether 1972). 
As a summary of the view that color vision is an absolute 
requirement, it is argued that as military aircraft are becoming lar-
ger, more expensive, faster, and fewer in number, why should we sel-
ect their few captains with physiological defects of any kind? 
The case for Relative Color Vision Standards: 
"Not one aviation accident has ever been documented as having 
been caused by a color vision deficiency of the pilot involved" 
(AGARD, Grether 1972). 
Bowman and Walraven first argued for the mildly color anomalous 
to be admitted to pilot training in 1954. Their argument was that 
4.5% of the aviators already flying had a mild color anomaly that had 
not been detected until after they had completed their training. 
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(Brennan 1972). Other studies confirm that present tests only fail 2 
to 4% of incoming color defective pilot applicants, rather than the 
known 5 to 8% of the population who are color defective (AGARD, 
Appleton 1972). 
Those color deficient candidates who pass the present color 
testing are mostly deuteranomalous. Protanomalous candidates seldom 
pass color testing and are also more disabled for flying because 
their perception of the brightness of red is impaired (red looks like 
dark brown), whereas deuteranopes and especially deuteranomalous 
individuals have little impairment since their brightness perception 
for green is almost normal (green looks like light grey). 
The Air Force visual standards were reduced prior to July of 
1971 to allow, like the us Navy, mildly color defective individuals 
to enter flying. This change recognized that a number of deuteranom-
alous individuals had been very successfully flying for a scores of 
years, and that only very sophisticated color testing can eliminate 
all those having a slight deuteranomaly. 
The present British color standards were adopted in 1950. 
Waivers are genereally granted those color anomalous individuals who 
can pass field testing (operational situations) with Aldis lights and 
colored smoke grenades at the 100% level. 
One of the now disproven, but favorite arguments for admitting 
color defectives, cited military folklore originating in Horld War 
II. It was alleged that certain color defective persons could suc-
cessfully detect camouflage from the air when color normals could 
not. The popular story was that a pilot was unmasked as color defec-
tive when he was much superior to his color-normal friends at detect-
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ing camouflage on bombing runs. This myth has been disproven by 
Whittenberg. Occasionally, in some conditions, a color defective 
person can detect camouflaged vehicles where color is the main fea-
ture and when the color does not match completely the background for 
which it was intended. But color defectives are not better than 
color normals at camouflage detection {Whittenberg 1974). 
Perhaps the most practical solution for accepting marginally 
qualified color vision applicants would be to select classes of fly-
ers to be matched with types of aircraft and kinds of missions. "It 
is possible to admit color defectives to flying duties EXCEPT FOR 
CLOSE AIR SUPPORT" where the high risks involved and the necessity to 
identify dispersing smoke colors make color vision a life and death 
matter (Brennan 1972). 
How many additional individuals would this entail? Using the 
present method of screening with pseudoisochromatic plates followed 
by grading defectives with the Farnsworth lantern, it is possible to 
come up with the following figures: 
Protanopia: 1.25% to 2% Protanomaly: 0.75% to 1.2% 
Deuteranopia: 0.8% to 1.2% Deuteranomaly: 2.25% to 3.5% 
Total {maximum) 8.0% 
Approximately 0.5% of the us female population has some testable 
color deficiency. These figures are for colors presented macularly. 
It is interesting to note that color coded cockpit warning lights are 
usually first viewed paramacularly. The efficiency of getting a 
pilot's attention with colors presented paramacularly has not been 
well investigated. 
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At the present time the military knowingly lets slip into flight 
programs 2% to 4% of the known 5% to 8% color defective male popula-
tion, as long as they can pass the Farnsworth lantern test. This 
means that approximately 3 to 4% of all applicants are failed because 
of color deficiency. 
However, if the standards were lowered any more, it would be 
necessary to quantitatively assess color deficiencies, and relate 
these scores to a new minimum necessary requirements for the pilot's 
role. This would probably involve new, more complicated testing pro-
cedures. 
The absolute maximum deficiency allowable for military flying 
today is a mild deuteranomaly. Given the prevalence of color defec-
tive males of up to 8%, if half of these could be passed as fit for 
aircrew duties using the present testing methods, rather than the 2% 
that slip through today, one could expect an increase of up to 2% at 
most. 
Thus for the Color Vision Standard, an evaluation d~ the formula 
shows: 
PNo=CPo(100%-A~RSo-CVSo-CLSo-PhSo-StSo+Wo) 
=10,000(100%-30%-6%-10%-l%-4%+0%) 
=10,000(100%-51%) 
=4,900 
and if the color vision standard is relaxed to include the mildly 
protanomalous as flight candidates, the equation becomes: 
PNi=CPi(lOO%-AcRSi-CVSi-CLSi-PhSi-StSl+Wi ) 
=10,000(100%-30%-4%-10%-l%-4%+0%) 
=10,000(100%-49%) 
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=5,100 
However, re-engineering cockpits and airfield lighting in the 
United states would still not allow these extra 200/10,000 color 
anomalous pilots to safely fly. Color standards would have to be 
changed INTERNATIO NALLY. 
Perhaps the color vision standards have in fact been lowered as 
far as they can safely be lowered, until all countries of the world 
engineer color coded information out of flying. This eventuality is 
unlikely. Moreover, would dropping the color vision requirement be 
cost effective for the final 4% of color deficient flight candidates? 
The technology is certainly available to engineer the color vision 
requirement out of flying, but the snall gain in recruiting numbers 
might not warrant the necessary expense and disruption. 
CHANGING THE CONTACT LENS RESTRICTION: 
Historically, contact lenses were first worn by a few pilots 5 
to 10 years after they became available in the late 1930's. Accord-
ing to the recollections of Dr. Conrad Berens there was at least one 
successful world War II us Navy combat pilot who wore contact lenses 
with no apparent difficulty and who made a "splendid combat record". 
(Carson 1945 p. 176) ** note: The lenses mentioned were undoubtedly 
scleral lenses, since corneal, 9mm lenses did not come into use until 
after \M I I. 
A case of a young British pilot, with 7 to 9 diopters of myopia, 
who successfully piloted Lancasters and Halifaxes, and in time of 
peace was a test pilot was cited by Santamarina. In the same arti-
cle, he also noted that German pilots wearing contact lenses carried 
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out high altitude raids over London in unpressurized planes without 
having complaints. The RAF also had a number of pilots flying with 
contact lenses without difficulty. The RAF was not opposed to their 
use by pilots (Santamarina 1972}. 
Until very recently the US military officially prohibited pilots 
from wearing contact lenses, but allowed navigators and Non Flying 
Officers (NFO's) to wear them. In fact, pilot applicants were pro-
hibited from having worn either hard or soft contact for the three 
weeks prior to a flight physical. This prohibition prevented those 
in orthokeratology programs from becoming pilots, although some prob-
ably entered the flight program without being detected. 
Since the late 1970's, the standards have been considerably rel-
axed with respect to contact lens use once the individual becomes a 
pilot, starting with the Air Force, and now including all branches of 
the services (De Hann 1982). 
On the civilian side, in 1976 the FAA changed Part 67 of the FAA 
Regulations to allow contacts to be used for distance tasks without 
waivers. Previous to that date contacts had been allowed for dis-
tance correction if the pilot provided a "statement of demonstrated 
ability". At that time the FAA acknowledged that there were no known 
accidents or incidents in which contact lens use by an airman was a 
contributing factor. Contact lenses for near acuity require a waiver 
application under section 67.19, special provisions (Federal Register 
1976). 
The Aeromedical Certification Branch of the Civil Aeromedical 
Institute maintains a computer file of all active airmen, including 
military. Of the 350,000 pilots requiring lens correction, 20,000 
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are contact lens wearers (Booze 1981). Civilian restrictions on the 
wearing of contact lenses while flying have also been relaxed in the 
past few years, in recognition of the major advances in contact lens 
technology. The present policy of the Federal Aviation Agency is "to 
set physical standards and medical certification as liberal as safety 
responsibilities will permit (Dille 1981). 
The use of contact lenses by all pilots (civilian and military) 
averaged 2.4% with a high of 3.0% in the 30-39 year age group and a 
low of 1.1% in the 50-59 age group. This is an increase from 1.9% of 
the civilian airmen wearing contact lenses in 1965 to 4.9% in 1979 
due to the relaxation of the standards and perhaps due to an increase 
in the percentage of the general population wearing contact lenses 
(Booze 1981). 
The advantages over spectacles: 
l) Elimination of annoying reflections from the surfaces of 
spectacle lenses 
2) Contact lenses never have the problem of condensation on 
lens surfaces due to sudden changes in temperature or pressure. This 
was a serious problem in open cockpits during climbs, dives, and 
aerobatics even through World War II. 
3) Convenience when putting on and taking off helmets and oxy-
gen masks 
4) Contact lenses are less likely than spectacles to be dis-
placed as a consequence of G forces in aerial combat. 
5) No mechanical interference with optical devices such as 
sights and radar scope glare shields 
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6) Increased visual fields 
7) Depending on the type of contact lens, improved visual 
acuity over that achieved by certain spectacle lenses. For example, 
correction of aniseikonia, anisometropia and irregular astigmatism. 
Disadvantages over spectacles: 
1) Off centered rigid contact lenses due to G forces. This has 
been found to be extremely rare, and much less significant than the 
corresponding problem with spectacles (Draeger 1981). 
2) Gas bubbles under the contacts upon sudden reduction in at-
mospheric pressure (explosive decompression, see below) 
3) Mechanical irritation at high altitudes and low humidity due 
to drying of contacts, especially soft lenses 
4) Irritation from ozone found in the lower ozonosphere. This 
has not been found to be more irritating than cigarette smoke. 
5) Edema from lack of corneal oxygen when breathing oxygen is 
obtained from a mask not covering the eyes. This corneal condition 
takes several hours to occur, and most military situations requiring 
mask oxygen are much briefer than several hours. 
6) Fire, smoke, and toxic fumes: This would be a hazard for 
hard contact lens wearers, probably causing enough discomfort to re-
quire removal of the hard lenses. Soft contact lenses, however, 
might protect the eyes, giving the pilot extra time to bring the sit-
uation under control, and might be safer than no correction. Of 
course the soft lenses would subsequently have to be replaced due to 
smoke and fume contamination. 
Draeger found that gas bubbles formed under a poorly fit hard 
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lens during altitude decompression. Under reduced pressure and low 
humidity at siiaulated high altitudes, several subjects had drying of 
their lenses and some discomfort (Draeger 1981). 
Gas bubbles under contact lenses have been investigated more 
often in diving situations than in flying situations because a 
diver's vision is affected by bubbles more often than a pilot's 
vision. The difference is a greater change in pressure for divers 
than for pilots. A diver is subjected to a change of more than two 
atmospheres when he rises to the surface from as shallow a dive as 
100 feet, but a pilot usually has a drop of less than 1/2 atmosphere 
in going from sea level pressure to 5,000 meters even under explosive 
decompression. 
In another experiment, in a reduced pressure chamber, tiny bub-
bles were observed by slit lamp. The bubbles did not affect the 
pilot's vision at simulated altitudes above 5,000 to 7,000 meters. 
How long the bubbles lasted was not Qentioned (Santarnarina 1972). 
To evaluate the effect of removing the restriction against con-
tact lenses, on the number of acceptable flight candidates, one must 
consider contact lenses as a subset of spectacle correction for ref-
ractive error. If all candidates who need visual correction make up 
40%+ of the population, and those using contact lenses rather than 
glasses for visual correction represent 20 to 25% of those (broken 
down into G5%=soft contact lenses, 25%=hard contact lenses, and 
10%=rniscellaneous) (Cass 1983), one could estimate that a removal of 
the contact lens ban might affect between 9% and 12% of the applicant 
pool. This is considerably higher than the present rate of approxi-
mately 5% civilian and military pilots cited above. Using the mean 
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(10%), one can assune that another 10% of the applicant pool might be 
accepted if the nilitary prohibition were removed. This, however, 
ignores a number of "crossovers" that might occur from the glasses 
group. 
A decision to remove the contact lens prohibition might be made 
from technological changes in the contact lens field, due to new mat-
erials, new techniques of fitting, or new wearing practices (for ex-
ample, extended wear). The decision would be made by considering the 
advantages and disadvantages cited above, in addition to new develop-
ments. 
Thus in the case of contact lenses, an evaluation of the formula 
shows: 
PNo=CPo(lOO%-AiRSo-CVSo-CLSo-PhSo-StSo+Wo) 
=10,000(100%-30%-6%-10%-l%-4%+0%} 
=10,000(100%-51%) 
=4,900 
and if the prohibition against contact lenses were to be remov-
ed, the equation becomes: 
PNi=CPi(lOO%-A~RSi-CVSi-CLSi-PhSi-StSi+Wi) 
=10,000(100%-30%-6%-0%-1%-4%+0%) 
=10,000(100%-41%) 
=5,900 
This would increase the number of potential aviation candidates 
by 1,000 per 10,000 applicants. In addition, the 1,000/10,000 figure 
would be increased by an unknown number of crossovers from the group 
excluded because of refractive error corrected by spectacles. 
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CHANGING THE PHORIA REQUIREMENTS: 
For the normal tasks of flying, a phoria, or the tendency of the 
eyes to turn in or out, has little influence on visual abilities, 
unless it is of a magnitude to cause symptoms or frank diplopia 
during every day life. However, in low oxygen pressure environments 
at high altitudes, as listed below, even a small phoria will become a 
tropia or an actual turning of an eye in or out. This situation is 
seldom seen in modern aircraft which carry auxiliary oxygen systems 
for crew members, and a small phoria should not present a problem 
today. In fact, in World War II it seldom was as great a problem as 
the loss of concentration and other warning symptoms of oxygen depri-
vation. Below are some of the symptoms of low oxygen pressure in the 
cockpit: 
1) from sea level to 10,000 feet--indifferent zone, normal day 
vision, with a slight loss of night vision 
2) 10,000 to 16,000 feet--adaptation zone, visual functions are 
impaired, but flight can continue. 40% loss of night vision, phorias 
cause some difficulty 
3) 16,000 to 20,000 feet--inadequate compensation, slow 
reaction time to visual stimuli, heterophorias become tropias, the 
beginnings of retinal circulatory collapse 
4 ) above 25,000 feet--decompensation, the zone of lethal alti-
tude when pressurizaton and oxygen systems fail: blindness, uncon-
sciousness and brain damage (Arner 1957). 
Additional factors where high phorias might cause problems are 
1) fatigue 
2) stress anxiety, fear 
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3) when scanning instruments rapidy. Photographic records have 
shown that a pilot can make 100 eye movements per minute during in-
strument flight. 
4) at the termination of an instrument approach, as the air-
plane breaks out of overcast, the pilot must immediately shift from 
instruments and use distance vision to pick out the runway. With a 
lack of sufficient fusional cues, and in this ambiguous situation, a 
pilot with high phorias may experience diplopia or confusion. 
The percentage of tropias in the 18 to 25 year old population of 
the United States is approximately 4% (USDHEW 1975) and (USDHEW 
1978). The percentage of phorias in excess of 10 prism diopters is 
only slightly greater, perhaps l% more (Haynes 1982). In the flight 
physical, strabismus, or a turned eye, and high phorias are more 
often detected by stereopsis testing than by red lens testing or 
prism duction testing due to the time constraints of the screening 
procedures for phorias. These figures appear to be stable figures, 
neither increasing nor decreasing from year to year. 
The present Service Group I phoria limits applicants to no more 
than 10 prism diopters of exophoria (the tendency of an eye to turn 
OUT), 10 prism diopters of esophoria (the tendency of an eye to turn 
IN), nor 1.5 prism diopters of hyperphoria (a tendency of an eye to 
turn up or down). It is interesting to note that First and second 
Class FAA regulations for civilian pilots are more strict, allowing 
no more than 6 prism diopters of esophoria or exophoria. On Red Lens 
testing, if diplopia or suppression is found while following a pen-
light closer than 20 inches to the center of a tangent screen at 1 
meter, the applicant is disqualified. 
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For the Phoria/eye muscle balance standard, an evaluation of the 
formula shows: 
PNo=CPo(100%-A~RSo-CVSo-CLSo-PhSo-StSo+Wo) 
=10,000(100%-30%-6%-10%-l%-4%+0%) 
=10,000{100%-51%) 
=4,900 
If the Phoria/eye muscle balance standard is relaxed to include 
those having phorias beyond 10 prism diopters of eso or exophoria as 
flight candidates, the equation becomes: 
PNi=CPi(lOO%-AiRSi-CVSi-CLSi-PhSi-StSi+Wi) 
=10,000(100%-30%-6%-10%-0%-4%+0%) 
=10,000(100%-50%) 
=5,000 
It would seem that low phorias would not cause problems at high 
altitudes because of the universal use of oxygen. It would seem that 
high phorias would be symptomatic during normal daily activities or, 
if suppressed, these phorias would be disclosed when the applicant 
failed stereopsis testing. Thus relatively few applicants \/ith high 
phorias are caught by the phoria standard. Furthermore, the relia-
bility of the phoria standard as presently administered to discrimin-
ate successful from unsuccesful pilots seems to be unclear for 
today's pilots. In any case, changing the standard might affect 
100/10,000 candidates. 
CHANGING THE STEREOPSIS REQUIREMENT: 
As long ago as World War II the Germans found that stereopsis 
was of less importance than was believed. They concluded this from 
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empirical observations that pilots flying aircraft with restricted 
downward view landed adequately using peripheral (monocular) clues. 
The depth perception cues the pilots used were primarily motion par-
allax cues. successful landings by many one-eyed pilots substantiate 
this point of view. For example, Wily Post was a very successful 
one-eyed pilot. 
The reason for this surprising finding is that human stereopsis 
loses effectiveness beyond 20 to 30 meters. At 100 meters, a person 
can first detect a separation when one object is moved 10 m closer 
( detected separation equals 10% of the viewing distance). At 10 
meters, a person can first detect a sepsration when one object is 
moved 1/lOth of a meter closer (detected separation equals 1% of the 
viewing distance). At 1 meter, a person can first detect a separ-
ation when one object is moved 1/lOOOth of a meter or l millimeter 
closer (detected separation equals l/10% of the viewing distance) 
(DeHann 1982). 
The present military depth perception examination tests pilots 
for binocular-parallax stereopsis. If binocular stereopsis exists 
only to approximately 30 meters in front of the pilot's cockpit, it 
should only be a significant factor during the last several seconds 
of landing a high speed aircraft. The only value of binocular-paral-
lax testing is the verification of excellent visual acuity and proof 
of the fact that the two eyes are used simultaneously. 
On the other hand, the Germans found that subjects having less 
than 20/20 central acuity performed poorly on depth discriminations 
made on moving objects, and the faster the motion, the worse their 
performance (Arner 1957). A portable motion-parallax tester has been 
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developed and used at Lackland AFB in Texas for validation studies, 
but it is too expensive for use at most small screening installations 
(Berry 1958, Mayer 1973). 
In a study of monocularity, for the three years prior to 1981, 
those with ocular pathologies, including aphakia and artificial lens 
implants, had significantly higher accident rates than the general 
population of pilots, but monocular pilots did not. For one of the 
years studied, there was a slight increase in the agricultural acci-
dent rate for monocular pilots, but the statistical significance of 
this was questionable {Dille 1981). 
However, the possibility of allowing monocular pilots into mili-
tary flight training is close to nonexistent. Monocularity is more 
than a loss of stereopsis because it entails the loss of 40 to 60 
degrees of visual field, and includes the risk of loss of the remain-
ing good eye. 
Although depth perception has been shown not to correlate with 
the ability to land fixed wing arcraft, depth perception is a def-
inite necessisty for taxiing, parking the aircraft, midair refueling, 
and formation flying (especially if at night). For helicopter pilots 
it is absolutely essential for hovering. 
The absence of stereopsis occurs in all strabismics, who make up 
approximately 3 to 4% of the population, and in many of those with 
high phorias and intermittent suppression. The present Service Group 
I requirements are at least 20 to 25 seconds-of-arc stereopsis as 
measured by the Armed Forces Vision Tester or the Verhoef£ stereopsis 
tester at 1 meter (oriska 1984). 
For the Stereopsis Standard, an evaluation of the formula shows: 
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PNo=CPo(lOO%-AcRSo-CVSo-CLSo-PhSo-StSo+Wo) 
=10,000{100%-30%-6%-10%-1%-4%+0% ) 
=10,000(100%-51% ) 
=4,900 
and if the Stereopsis Standard is relaxed to include those having 40 
seconds-of-arc stereopsis, the equation becomes: 
PNi=CPi(100%-A~RSi-CVSi-CLSi-PhSi-StSi+Wi) 
=10,000(100%-30%-6%-10%-l%-3%+0%) 
=10,000(100%-50%) 
=5,000 
an increase of perhaps 100/10,000 candidates. However, the aviation 
community considers 25 seconds of arc (100% stereopsis) to be the 
most lenient standard possible. 
CHANGING OTHER VISUAL REQUIREMENTS: 
Field of vision: constriction not to exceed 15 degrees. 
VISUAL ABILITIES NEEDED BUT NOT TESTED FOR: 
The ability to withstand negative G's or "red out": Red out 
occurs when excessive G forces are applied while the pilot is essen-
tially "upside down". Contrary to popular opinion, this is not caus-
ed by retinal hemorrhage, but by the obscuration of the pupil by the 
lower lid. 
The ability to withstand vibration: Vibration becomes a severe 
visual problem in the cockpit if vibration of the head exceeds 5 
microns (Arner 1957, Reiher and Meister 1931, and Baker 1965). 
Glare resistance: exceptionally clear ocular media and quick 
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retinal recovery from light flashes. While pilots are not tested for 
glare resistance, the "photostress test" is an office procedure. 
Specialized glare testing devices exist and could be used. 
Cockpit glare can be reduced by glare shields around instru-
ments, angling and recessing the instruments, backlighting, anti-re-
flective instrument glass and covers, and eliminating glossy surfaces 
in the cockpit. 
APPLICATION: 
Practical use of the tools set forth in the methodology section, 
in this case worksheets, will now be demonstrated. They will be used 
to evaluate adding autorefractors for refractive error determination-
-page 59, adding contrast sensitivity testing to visual acuity test-
ing--page 61, the addition of dynamic acuity testing--page 63, and 
the possibility of admitting radial keratotomey patients to flight 
training--page 65. These examples are meant as illustrations of how 
the worksheets might be used by a committee evaluating proposed 
changes to a visual standard. 
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AUTOMATED REFRACTORS: These instruments can be operated by the 
Aviation Visual Technicians (AVT's) who conduct much of the present 
flight physical examination. Although automated refractors do not 
provide full eye examinations, they can very successfully be used to 
enhance the data from Armed Forces Vision Testers, a modified Bausch 
and Lomb "Orthorater" screening device, to provide nore reliable and 
more valid data for pilot selection at a moderate cost. Most screen-
ing and induction clinics already have autorefractors. To include 
this test in the required battery of vision tests for pilots is des-
irable and cost effective. Present prices are between $8,000 and 
$16,000, but part of the cost can be included with normal clinic 
operating expenses. 
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CONTRAST SENSITIVITY: A military pilot's visual environment 
often includes fog, haze, and twilight situations where finding an-
other aircraft is a low contrast task. Aircraft recognition at great 
distances in both brightly lit and hazy situations is 'a life or death 
matter for avoidance of other aircraft at high speeds and for 
acquisition of a favorable position in a dogfight. Simple acuity 
measures of a pilot's visual ability are less logical for selection 
for these tasks than both high and low frequency contrast sensitivity 
measures. Standardized high spatial frequency contrast sensitivity 
is at least as good as the present standard acuity chart, but low 
spatial frequency contrast sensitivity is not presently tested for 
and would be a valuable addition to the test battery (Ginsberg 1981, 
Ginsburg et al. 1982, and Comerford 1983). 
The present contrast sensitivity testing apparatus costs $8,000 
to 10,000 and consists of a computer generated sine wave grating on a 
cathode ray tube (CRT) similar to a television screen. It is fairly 
reliable, but slow. A paper version of the test, call~d the Arden 
Grating, is considerably cheaper ($80 to $100) but less reliable. 
The time to take the paper test is comparable to the electronic ver~ 
sian. 
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DYNAMIC ACUITY: deemed necessary for high speed tactical and 
fighter arcraft, the advantage it gives fighter pilots has not been 
quantified, and instrumentation for testing this ability is found in 
very few clinics. 
Ludvigh and Miller investigated the correlation of static and 
dynamic visual acuity in aviation cadets in the 1950's. They found 
that there was fair correspondence if the angular velocity of the 
target was below 20 degrees per second and correspondence was very 
low if the angular velocity was greater than 100 degrees per second. 
They found that dynamic visual acuity could be trained, and that it 
correlated positively with certain perfornance tasks. 
Dynamic visual acuity is necessary in low level terrain-follow-
ing flight and in high speed "dogfights", although dynamic acuity 
when the target moves at an angular speed of more than 30 degrees per 
second is not a great factor in determining the winner in air-to-air 
combat. It may be a factor in collsision avoidance (Monaco 1984). 
Instruments to measure dynamic visual acuity often use a rotat-
ing mirror to view or to project the acuity target. These are not 
expensive to manufacture nor to calibrate. 
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Worksheet D: Changing a Visual Standard (Cutoff Score) 
RADIAL KERATOTOMY 
1. C/'/.o Hhat is the Absolute Standard, the most lenient standard 
consistent with safe aircraft handling and successful mission 
completion? 
(jC7 
2 •. :l~ ilhat percentage of the candidates would probably pass 
this stap dard? 
/l~~ f. ,nv 
3 ..•. · ( lhat is the relative leev1ay in changing to a stricter 
standard? 
00.7 4 .... ~What percentage of candidates pass this stricter stan-
dard? 
r:: /'YI . ~ ~1--h t :.1 • .. . ' .~-~: \r1h a assurance do we have that the individuals able to 
pass this stricter standard will perform more effectively or 
more s<:f~ly ~than ~hose able to pleet11 :?nly t !)e__;n inimuj .· st:fn ;~l_L lf!,.D.c>({,o..J0 K. ' tJl.-J~ Ci/ l.C ./)"ljt C~f.H,~ Tu- ,.e-·~1/:G\ . 'lq~'-T 
6. . ••• Hhat ~ the present standard? ~Tf'\A.-/ . , () 
7. (l.;?~ Hhat percentage of the candidates pass the present stan-
dard? 1 • _ X ? ...-?"}~- -~?'VULA'V , 
8 ..• · •• Hhich wq· s~ould 1t .. hrp 3t.an2ard be changed? 
/ 
.- 2() 07!J ! (('.{A'\£,(,{.C(6/t,() _.1 · 
9. ~.: Row ~any add1tional cand' ates will be gained or lost? 
** Cost/benefit analysis: ** 
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RADIAL KERATOTOMY: In March of 1982 the Navy announced that it 
had admitted its first radial keratotomy patient to flight school. 
In admitting 23 year old Clint Balog, Navy Secretary John Lehman, Jr. 
acted against the advice of ~edical advisors who stressed the still 
experi~ental nature of radial keratotomy. Balog was to be allowed to 
fly all but tactical aircraft, but he voluntarily withdrew from Offi-
cer Candidate School before he entered the flight program. 
Some factors to consider in radial keratotomy are that: 
l) Visual acuity fluctuates. 
2) There is unusual glare sensitivity, especially at night. 
3) The myopia regression may be temporary. 
4) The induced irregular astigmatism may change over time and 
may give a visual acuity that is uncorrectable either with glasses or 
contact lenses. 
5) The cornea may be weakened further under high G-forces. 
For the above reasons, the OS Air Force in 1981 disqualified all 
radial keratotomy applicants from flight training programs. 
The number of potential pilots that might be gained if the pro-
hibition against radial keratotomy were removed is very small at 
present, but potentially could become much greater if a safe and more 
accurate procedure is developed and this surgery becomes more fre-
quent. 
The present risks far exceed any benefits, and the regulation 
against accepting radial keratotomy should only be changed if a safe 
and permanent procedure is found. 
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CONCLUSIONS: 
For evaluation of the validity of the formulas and worksheets 
presented here, this paper should perhaps be submitted to the Nation-
al Research Council Committee for Vision, for its evaluation and sug-
gestions. Copies of the final form of the paper should be distribut-
ed to military commands which make decisions on vision standards for 
flight programs. 
SUMMARY 
A framework has been presented for administrators and visual 
specialists to use when considering changes in visual standards for 
pilots. The history of military visual standards for pilots has been 
reviewed, including how and when these standards were established. 
Absolute versus relative standards have been considered. A formula 
and four worksheets have been proposed, which should be useful for 
evaluating changes in the visual standards. Evaluations were made of 
possible changes in visual tests (equipment) as well as visual stand-
ards (cutoff scores ) for (1 ) acuity/refractive errors (2) color 
vision (3) contact lens we~r (4) phoria/eye muscle imbalance and (5) 
stereopsis. A system to consider waivers was presented. These tools 
will allow administrators and medical personnel to consider the 
cost/benefit factors that go into making visual standard decisions 
from a broad base of visual criteria, with the goal of selecting 
those best visually qualified aviator candidates from the available 
applicants for flight school. 
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APPENDIX A, Footnotes on psychological factors relevant to aviators 
Psychological selection is ai~ed at finding out whether an indi-
vidual will become a good pilot within a reasonable time. Various 
paper and pencil tests are used to score a probability of future suc-
cess or failure in a flight program. The aim of psychiatric testing, 
on the other hand, is to a large extent negative, it is the elimina-
tion of subjects showing predisposition to neurosis. The psycholo-
gist's role is over after the initial testing, and the psychiatrist's 
role appears to increase in importance as the pilot advances in his 
career. The psychologist gives a short term prognosis of success, 
while the psychiatrist gives a long term prognosis for failure. To-
gether, they forecast the total flying career which includes training 
and subsequent productive flying. 
An area for future study by both groups is to deternine which 
types of neuroses make the best pilots. There is a "success neuros-
is" of extreme notivation and desire to "win". Air selection could 
then have a new positive aim in the search for "psychopathological 
success" criterion (Lauscher 1964). 
Anxiety states often attach themselves to flying and should be 
considered disqualifying, but on the other hand, instances are not 
rare of RELEASE FROM ANXIETY during flying. These individuals exhib-
it neuroses during non-flying periods, but their neuroses disappear 
while flying and actually enhance their flying ability (Liljencrantz 
1942). 
As mentioned previously on page 10, more accidents are caused by 
psychological factors (fatigue, lack of attention, etc.) than by lack 
of physical capabilities. 
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(courtesy NAS, Pensacola) 
-pap,e 69-
----
-·----
---
.... 
.. 
• ~-I 
= I!! 
~ 
1:. 
I! 
• i! 
= 
= 
= 
• 
• 
• Iii 
• 
= I 
= 
= • 
• 
= 
• r;; 
• 
• ~ 
= 
= ---1-
a 
D 
... 
~ 
.. 
.. 
• • 
• 
a D 
0 
... 
NAVAIR 01-45AAE-1 
WARNING ( GHTS 
LAN Dl NG GEAR 
• After Airframe Change No . 72 
t After Airframe Change No. 241 
1-126 Change 2 
Before Airframe 
Change No . 241 
ALTERNATE vu;w A 
-----
ACL5 
ICOUP LER Offl• 
Figure 1-42 
.. 
After Airframe 
Change No. 414 
ALTERNATE VIEW 8 
- -
A7-E 
.. Colt~ A- tit 1t • 
ARRESTING 
HOOK 
76E065 10 81 
Illustrati on 1, A7-E, "Corsair II" cockpit 
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PANEL AREA 
19 
25 
27 
:L STEERING SWITCH 
:NCY LOWERING 
OR 
INDICATOR 
PANEL 
:L 
IICATOR 
OICATOR 
IR 
OR 
ICATOR 
'/REJECT SWITCH 
.IGHT & SHORT TERM 
n 
I l_l 
1 
18. SINGLE POINT SIGHT 
19. HUD COMBINING GLASS 
20. WARNING LIGHTS (FROM TOP TO BOTTOM) 
eMASTER CAUTION LIGHT& LONG TERM 
CANCEL BUTTON 
eCALL LIGHT/SWITCH 
eLOW ALTITUDE WARNING LIGHT 
(AFTER AFC 184); BLANK (BEFORE 
AFC 184) 
•FUEL LOW LEVEL WARNING LIGHTS 
(LEFT & RIGHT) 
21. HUD CAMERA 
22. WINDSHIELD WIPER CONTROL KNOB 
23. COMPASS CONTROLLER 
24. INIAC TEST SWITCH (AFTER AFC 150) 
FAST ERECT SWITCH (BEFORE AFC 150) 
BEFORE AFC 184 
c- ~ \-.---~ 
I I I I 
I I ~~ 
u 
25. ATTITUDE DIRECTOR INDICATOR (AD I) 
25. HOMING INDICATOR SENSITIVITY SWITCH 
27. HORIZONTAL SITUATION INDICATOR (HSI) 
28. RUDDER LOCK ING HANDLE 
29. COCKPIT LIGHTING DIMMER KNOBS 
30. EIGHT DAY CLOCK 
31. BALLISTIC SELECTOR PANEL 
32. RUDDER PEDALS ADJUST KNOB 
33. STAB I LA TOR POSITION INDICATOR 
34. RADAR ALTIMETER 
36. WATER INJECTION FLOW LIGHT 
36. WATER QUANTITY INDICATOR 
37. NO ZZLE ANGLE INDICATOR 
38. ACCELEROMETER 
39. WATER INJECTION SWITCH 
40. JET PIPE TEMPERATURE INDICATOR 
41. REACTION CONTROL DUCT PRESSURE INDICA TOll 
~.TACHOMETER ' 
43. IGV POSITION INDICATOR 
44. FUE L QUANTITY INDICATOR (DUAL NEEDLES) 
46. FUEL FLOW INDICATOR 
48. RADIO POWER SELECTOR KNOB 
47. FORMATION LIGHTS CONTROL PANEL 
48. IFF CONTROL PANEL 
Illustration 2, TAV-8A, "Harrier" cockpit 
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Illuutratlon 5, nooing 747 cockpit inutrumont dotailo 
-page 74-
I OG ~ 
..-I 
Q) 
0 
(:i1 
(JJ 
+J 
c 
(!) 
s ;::; 
1-1 
+J 
(fJ 
c 
. ...; 
+J 
.c 
OG 
·..-i 
..--; 
1.1-.l 
(JJ 
~ 
c 
.,.., 
Ill 
+J 
p, 
<ll 
u 
-~- ·--........... --~-~······--··-~~-·-···-· -·---~--,___.-~-~---~---------·w··,........-x,, 
Il lustration 6, Boeing 
-page 75-
'""' -~~---~--~ 
'§;':; 
€!.1-
- -
..... C'J 
..... L.&... 
~ Illustration 7, Space Shuttle •columbia" cockpit layout 
1 \ . -page 76-
:::s:::: 
(.) 
1-
C/) 
___. 
0 
0:::: 
1-
z:: 
0 
(.) 
LAUNCH AND ASCENT 1.15 
--- - - --
PILOT'S LAUNCH POSITION 
L-_--- - Illustration 8, Space Shuttle "Columbia" cockpit side view _ __J 
-page 77-
Illustration ~, Space Shuttle "Columbia" cockpit photograph 
Courtesy Criss Optical Manufacturing Co., Inc. 
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